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Synopsis

• Non-PRASA Systems

– Location and status

• Effort 1: GIS-based Multi-Criteria Decision Analysis

– Who needs more help?

– 1st Rural (Non-PRASA) Community Water Supply and Sanitation Workshop

• Effort 2: Telemetry Monitoring

– Field-scale remote water quality monitoring of a Non-PRASA System

– Lab-scale scientific research

• Effort 3: Source Water Quality Monitoring

– Physicochemical and bacteriological analysis

• Effort 4: Drum Filtration / Disinfection Unit

– Field-scale solar-powered unit

– Lab-scale scientific research
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Location of Non-PRASA Systems

• Mostly in the center, mountainous rural area
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Rio Piedras community 
in San German



Status of Non-PRASA Systems

• ~240 systems in Puerto Rico (~126,000 people)

• 95% of them do not comply with bacteriological standards (as of Yr 2008)

• Of Non-PRASA systems serving a population <100, >60% has no treatment
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EFFORT 1.
GIS-BASED MULTI-CRITERIA DECISION ANALYSIS 
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GIS-based Multi-Criteria Decision Analysis 

• Western Puerto Rico

– 7 municipalities

– 27 Non-PRASA Systems

• Multi-criteria

– Population density (rural vs. urban)

– Type of treatment

– Status of treatment

– Bacteriological quality

– Infant mortality

– Cancer rate

– Education level
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Data sources: 
• DoH, EPA, USGS, PRASA
• First Rural (Non-PRASA) Community Water 

Supply and Sanitation Workshop



First Rural (Non-PRASA) Community Water 
Supply and Sanitation Workshop

• Feb 25, 2008
• Topics

– Perspective of rural (Non-PRASA) community water supply and
sanitation,

– Status of rural water supply and sanitation systems, and
– Public policies and best management practices.

• Speakers
– Carl Soderberg (EPA)
– Javier Velez (DRNA)
– Carlos Lopez (EQB)
– Irma Lopez (PRASA)
– Javier Torres (DoH)
– Pedro Diaz (USGS)
– Jorge Rivera (PRWRERI)
– Ingrid Padilla (UPRM)
– Luisa Seijo (IUDC)
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EFFORT 2.
TELEMETRY OF RIO PIEDRAS COMMUNITY WATER
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Telemetry of Rio Piedras Community Water
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62 Houses
Approximately 240 residents
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Telemetry Monitoring, Site Maintenance, 
Community Connect
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Telemetry

15

Telemetry Monitoring Instruments

Water level, conductivity, DO, turbidity, Temp.



Lab-scale GS Filter
(Gravel Pre-filter + Sand Filter)
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• Designed and operated in the same manner as the community’s filtration/disinfection plant 



GS Filter Performance
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Parameter Units GS GS 

with GACa

GS 

with BABb

USEPA 

Standards

pH 6.6 7.2 7.6 6-8

Turbidity NTU 3.33 3.67 4.39 1

Turbidity Removal % 44.5 44 55 -

Cl2 spike mg/L 26.72 24.97 13.4 -

Residual Cl2 mg/L 10.23 10.43 8.3 4

Chloroform ppb 37.25 BDL BDL 80 (TTHMs)c

E. coli CFU/100 mL 3 0.5 0.5 0

E. coli Removal % 99.9999975 99.9999986 99.99999987 -

Log removal > 5 > 5 > 5 -

aGAC: Granular Activated Carbon
bBAB: Biopolymer Alginate Bead
cTTHMs: (Chloroform+Dibromochloromethane+Bromoform+Bromodichloromethane)



EFFORT 3.
SOURCE WATER QUALITY MONITORING (2012-

2014)
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Source Water Quality (2012-2014)

Hwang Water Quality Laboratory

Cain Alto River

pH, Temp. Conductivity, Turbidity, TDS, TOC,  
Total coliforms, E. coli, Bacillus subtilis
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Summary for Total coliforms
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Statistical Correlation
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Not Enough Water

Hwang Water Quality Laboratory



EFFORT 4.
SOLAR-POWERED DRUM FILTRATION
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Solar-Powered Drum Filtration
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Sand, d10

0.18 mm
0.55 mm
1.10 mm

Power
Solar
Hydraulic
Gravitational



Legend:

- Sampling Port

- ½  inch pipe

- 2 inch Backwash 
pipe

1

2

3

4

5 6

Port Water

1 Pre-filtered

2 Pre –chlorinated

3 Drums effluent

4 Post-chlorinated

5 Slow Sand Filtered 
Water

6 Backwash effluent
3- Drums Filtration

Pre-Chlorination

Post-Chlorination



Fixing, Improving, and Testing
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Drum Filtration 
Performance
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pH
Turbidity
Conductivity
Chlorine

Heterotrophic bacteria
Coliforms
Bacillus subtilis
MS2 Bacteriophage

1 gallon per minute
Two drums in operation for 2 days 8 hrs
One drum in backwash for 6 mins

and then in standby



Lab-scale SS Filter 
(Sand Filter + Sand Filter)
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• To support field-scale drum sand filtration / disinfection with a better process control



Bacillus subtilis Removal and Residual Free Chlorine 
of Lab scale SS Filtration and Disinfection
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ca. Feb 2008 ca. Mar 2009

ca. 2012 ca. Jun 2014
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Urgent Need of the Rio Piedras Community
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• Shut-off valve 
when turbidity > 5 NTU

• To save the filtration systems 
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• Sonde at the intake
• Communication systems



For Rural Communities? By Rural Communities?
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Currently working on the development of a system simpler and more appropriate for 
rural communities.



High Brains with Warm Hearts
for Rural Community Water Sustainability
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